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INTRODUCTION 


y 


ae id as 
_The purpose of the present study is to gain a fundamental 


understanding of the rode semiosis plays in information processes. The 
object of the study is the structure of various types of signs, and a 

ie - : x by S , . 
determination of the relationship between sign structure and information 


properties. 
“The study started with four specific goals: 1) the determination 

\ ‘ 
_ of the internal structure of various sign categories and the relationship 


between ic dae and external structure; 2) formal explication of 
. \ 
information, including its relationship to semiotic processes and a 


gebonitnavton gt the essential dineyetons of semiosis; 3) a sy vematic 
ieee of all information measures that have iseeavel in the literature, 
atOns with the ee properties oF each, classified according to fhete | 
damenetonaligy and semiotic intérrelationships; and 4) the development; of 


a "kind of directory of results, methods ; and key questions in this area 


which can orient researchers, students, practitioners to facilitate the 


synthesis and evaluation of research." 


‘ 


Because of the logical priority of the first two goals over the 4 


\ 


other two, research has concentrated on’ these. Our progyess will be 
reported under the-#6éLlowing six nebdinge 1) Theory of| Sign iacal 
; 2) Syntactic fave tonmenter of Theory; 2) ‘Investigations into Syntactic \ 
Shape; 4) Investigations into Semantic and Pragmatic Strjicture; 5) The ie 


‘ 


Semiotics Lab; and 6) Other Activities. 


I. THEORY OF SIGN STRUCTURE 


Our purpose in developing a’theory of sign structure is to have 
aie a ‘eel for explicating the nature ot information measurement and its 


3 eelwntoueeas to semiotic processes and for classifying information 
' Measures according to hele aantente dimensionality and interrelationships. 
A Aiaiiag of sign structure useful for these purposes has evolved pradualiy 
over the past three years and its broad outlines have now become quite 
diteae, The theory is called the "Universal Structure Model," and it may 
be summarized by the following diagram. The theory is further elaborated 
in [10,11,14,15,16,17,18,19,22 6 25]. 
The model is universal in the sense that the structure of all 
categories of signs is displayed in this one model. For fopages an 
ifdex has only ‘the first, or lowest, level of semantic structure which 
includes the object and extension of the sign; an icon has the first two 
‘levels of semantic structure which include the ground and intension of 
the sign in addition, to 4 first: devel structure; and a symbol has all 
three levels of aaantte structure including a cognitive mentellect and 
cognision. | 
This theory is an outgrowth of the dissertation research of one of ~ 
the authors (C.P.) into the structure of the symbolic rheme reported Xe 
(14]. In that work the meaning of a sign is identified with its internal 
structure. A separate report. on the various Sanbeacet the word ‘meaning’ 


found in a survey of 20th century literature on meaning and semiotics . 


: " , } 
is being prepared for publication [15]. Another report [16] which 


/ / _ | - — | at 
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eer THE UNIVERSAL STRUCTURE MODEL 
copyright 1974 by Charls Pearson 


-potential 
existence 


internal structure 


Beaning general istence 
- component 
/test-failure relation i TOKEN 
2 e 
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; unique determination relation 
- + external structure existence in the form of 


an actual instance of ~ * 


ocfurrence ° . 


, ‘ SYNTACTIC DIMENSION 


. 


explicates the distinction between internal and external structure of 


signs, explicates the number of sign components, and motivates’ the 


identification of meaning with internal components is also in preparation. 


Some additional remarks concerning this theory were published in [19, p3-10]-~ 


\ : . 
ar ’ { ‘ 
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=} . . ; ‘ 
II. SYNTACTIC DEVELOPMENTS OF THEORY ’ a 


¢' 


. 


The. universal structure model predicts three levels of syntactic 


structure: ontotic, eidontic, and tagmatic: ‘he ontotic level contains , 


\ ‘ 


the medium and ontosion of the sign and is related to the embodiment and 


a 7 a ae 
’ other token characteristics. ‘ The eidentic level contains the shape and 
eidension of the sign and is related to the type characteristics. The : 


tagmatic level contains the semiotic context and tagmension of the sign 
fe a ‘ : 


and is related to the context category and other’ tone: characterdstics. es 
. In the syntacticé of natural language these levels .may be identified 
with phonetics, morphophonemics, and tagmatics, although this identification 


has not been explicated yet. Instead, efforts have been concentrated on - 


é6f syntactical 


using these predictions to explicate the statistical theo 


> a 


Ps - ‘communication. Progress has been quite rapid and it app ars that this . 4 ‘ 


; , ° . eS P 
is the most natural explication forthis theory. There js one communication 
vat 
-~ i! | + 
component for each syntactic level. The component for/ the ae level ~* 
, | sg : 


f) 
eidontic component 


‘ 
' 


| ha ee ‘ 
has 2 called "information source" [1, chap. 6]; t 


stig called "encoder," or "decoder"; and the ontotic « mporignt is the channel. 


THe Semiotic PrOpeHD satan sor Las with tone, type, /and token phenomena Ti 
; and lespecially such: observed regularities as the /rank-frequency law of 


fia 8 


. - ; « 
. 


Zipf and Estoup may be used to understand the’ communication \processes a " 
. ie | ‘ > 


associated with each component. So-called "Information Theory" (the 


Shannon calculus) is seen as a theory of modal statistics which is 
’ . % \ ¥ ‘ 
, applicable throughout thd syntaetic dimension (as well as t@ other-- - 


x ink & 


nonsemiotic relations), since it is the mathematical idealtzationgiho” 
many empirical relations.| This approach has been: incorporated into the’ 


class notes for a senior jevel course on communication processes [11] 


and makes these pidcheeee iinite: easy to explain. A textbook incorporating , 


. El 1 
the universal structure motel approach is in preparation, [22].., 


¥ 


III. INVESTIGATIONS ho SYNTACTIC SHAPE ~- . " ; 
sf 


; dowd ; \ ‘ 
* Original investigations itate the nature of syntactic theory have 


been concentrated} at the eidontic level with the semiotic ‘concept of 


shape being of prime interest. In many kinds of signs, shape is primarily 


coricerned with length and pattern. In 1965 Kolmogorov proposed a measure 


ig “gr 5 | : : ; 
of shape ‘that is “mainly a iia of the pattern. This has been called 


4 


"algorithmic information" and| "complexity" [5]. A historical and - 

. | ‘ , 

tutorial paper was prepared giving a semiotic analysis of this measure 
; : 


as a‘background for a future explication of the concept of complexity [21}. 


This paper has been accepted for publication in the International Journal 


of Computers and Information Sdience. A. 


\ 


y : . g 
An ingtrument, called an ‘eidonttc deviometer,' or 'eidometer,', has 


‘ been developed to measure the deviation of the shape of a natural language 


a al a hypothetical norm, or average shape, pf a sign ina given ng 
F / ab 7 ' 


natural language. Measurements on artificial word ‘forms ‘using this 


‘instrument are both reliable and. precise, The instrument hag been 


cS improved and rebuilt during, ‘the past year. A paper presentihg this 
: deve lopment is in preparation: Ab): Miller, Bruner, and ‘Postman [6] 


have. shown that the interpretation of signs is affected by their shape. 
}: / 


Oe > 


The eidometer shouts enable‘a precise meaBurement of this phenomenon a 


“pus lead toa eee UNseESTenA Eng of tHe. interpretation process. An, 


‘ ag oN ‘ 


elementary tachistoscope has been purchase kK use with the stimuli 
measured by the eidometer for the purpose: of refining the Miller-Bruner- * 


Pogtman experiment. Success in this would {lead to a direct measurement 


. vf the rédundancy curve for natural language. This measurement has never 


been made before, although Shannon determined both upper and lower 


\ 
bounds: for this curve [23]. 


» 
* ‘ 


From a count of Se 1/2 million letters in\a corpus of standard 
“American (the Brown Corpus) a tablé of polygrah frequencies has been 
emnaeede Previous tables for American English available to the public | 
were: at least half a century old and their generality is at best suspect, \ 


having most likely come from counts of military documents. Several later 


and more general counts are syatlable within the CIA and the Department 


_of Defense, but their access requires a security clearance and a ,'need to 


know.' These tables are useful for the generation of artificial word 


\ oo 


forms and the study of redundancy in natural language. A paper presenting 


° 


these tables is in preparation [13]. During the analysis of this count 


data, a rank~frequency regularity was discovered among the’ letters. 


However, ‘unlike the. rank-frequency law of Zipf and Estoup for words, 


! / . ° 


* “4 ti js e 
which “is log-log in nature, ere for letters is sa in 
nature. A ete idndriery literature search soea ts previous mention of 
Pate this. regularity. . AV avat tava data for other alphabets and yee 
systems was analyzed and the paiabinpabl holds in every case. Much 
tore analysis ts required before a paper can be written, Bue te is | 
hoped’ that we have discovered a universal lation for ie phere 


elements of a system of discrete signs. 


‘ , It should be mentioned that Garner’ s work [4] ‘which is a ca a 


e 


a review which is discusséd in section’ VII [12] is also pertinent. to a 
lig ‘a 5 


ce study of shape in semiosis. vs ; ak ~ \ we 


4 


. 


AND PRAGMATIC STRUCTURE. °° \ 


\ - Iv. ieyearree ons INTO SEMANTIC 


\ j | 
\ mo ke roar 
\- | rs " \ 


\Another area of orteinal Lavesttgatton’y which has just begun concerns) | 
‘the semantic and pragmatic structure of signs. Although the universal 
structure model stems from. eer ‘into natural Language, this same 


structure should, if it has any bearing on reality at all, show up also 


in other disciplines which study’sign processes--disciplines such as 
philosophy and psychology. ae 


A preliminary augue has been| developed which ‘shows the ape gese 


of the universal structure model for| eee philosophical problems. 


| 
| 


G. E. iesaact the early twentieth century British philosopher, 


‘developed a paradgx which has come to be called Moore's paradox of 


pt Ana and may pe stated as follows: if the wits ack of the anes 


of a er has, the same ReAnEne it is trivial; but if 4 it has a different 


‘ 


t 
% ” ‘ 


rae ‘ . 


uy 
‘ 


|? | meaning, thenAt is wrong. Moore knew well that philosophers very often 

i. iy a ie t and non-trivial analyses, but he was never able to develop ' 
ee 4. theory sof sehinetls wid uuu his own suadaaee Although other 

| 4 philosophers have reded with varying amounts of success, the problem sad 


' 


U ‘ 
. + never oe salved completely. .The most vosulae approach is to. say that 


the pidb en lies’ in the formulation of the paradox, which assumes that 
peaning is either a siasie or shobtente kind of thing which is either 
. | : 
| yee a the same or else i acca different. Frege-and Carnap. 


i, ‘assumed that the meaning of signs has two components, but their assumptions— \ © 


r 5 js i 
were for entirely different purposes. Carnap was able to delineate the 


‘ . = \ 


character df scientific analysis fairly well with his "extension" and Gs A 


‘ "intensionj" but he was never able to-handle philosophic analysis. 
Moore himse 


aid he ‘thought hia ak analysis required something 
- 
‘ * like’ determining the same chancks by the same properties ‘but sadeuel ee tee 


or cognizing this Aavetmietion ina different way. Looking. at our 


‘ 


semantic structure, however, and realizing that cognision ambanely 
deveentnes intension, unig in turn uniquely determines extension, while 
a difference a eyeaneian eansE that two terms will have a difference 
in intension, which in turn ensures a di Plecnnes in cognision, we may 


) . . e , i - , % 
State the solution as: Scientific analysis requires an identical 


extension with a difference in intension, while philosophic analysis 
requires an j{dentical ancenetap, wach a difference in cognision. 


One final area we have heal to explore concerns cognitive 
rm x be 


representation. Kintsch ve reported three aspects of cognitive memory 


which he calls "sensory," " short term," 


‘x 
‘ 


and "long term." Bruner has 


Ly? 


a) ng rt 
. 


‘reported seyeral modes of representation, or coding, including "enactive," 


. 
. ‘ é . 


He has studied the sequence in-which these - 


"iconic,'’ and "symbolic. 


capabilities develop in children and the rate at which, signs can be 


>» 
processed using the various modes of representation. It would appear 


e 


"ge if there were just one form of coding associated with each aspect of 


- Pa ’ >, 


cognitive memory. However, the experimental data is not clearcut on 


d ' ates 
this question because of confounding effects. aie. 
¥ 


ok , An experimental program is beng designed to critically. isolate each 


3: 


memory aupeot and the mode of representation that is” associated with it. 


The first SnpePIEND) to isolate and determine the characteristics of 


jeaute coddines .uses an interference rebeedt discovered by Stecwiinn [24]. a° 


- ( . + 


dk set of stimuli, called ' ‘iconic circles" and consist ing of sverlenpidg 


, 


, chreulan, disks masked from out-of- ocus photographs of abstract ink - 


, 


hobs. hy as ‘been developed and seve al sets of exploratory trials have” 


a“ \ < 


Syed en, “The interference effect’ is wel? machen" and can be detected oe 


, x 


easily. _The Preliminary results are’ “ogni =e prepared for pub teat fp 
\ 


< 


@s sy s 
{[17]. ‘New and | inpyoved ectimul i are being prepared; the experiment is .° 


« 


. being redesigned to incorporate die preliminary results; and a new ~ 


, . ve, : ” vw . a5 8 
experiment, using children, is heing developed to verify Bernbach's 


\. 


‘results and match them to ours. : Bo ng 4 e¥s-% 


The advantage of achieving. an answer-to this question .is to ‘allow ae 


int ‘ : ; 2 : # cae 
quantitative measurement of . psychology to be used in future investigations 


of, semantic--structure. For instance, memory Span times, processing.rates, 


and age of aeveloneent are all BURDRAEAET YS measurements, and all run 


\ yas 4a 
in the "sequence: index, icon, and nich ‘It would be interesting to 
a : = ; . 


hed aE 13, 


4 


evaluate the semantic generalization studies of Razran and the Russian 


school of psychologists from this same aspect of three RORPOREAES of 


semantic structure. 


, 


V. THE SEMIOTICS LAB 


A‘semiotics lab has been developed which supports several courses 


in information science. The fpttias development was reported in [18]. 
i 


A lab manual has been rie ven tae ae use of the Students in this lab [8]. 


_ word tokens will now 1 accommodate samples of up é6 ig f09-word tokens. 


mein the past year the lab was moved ante a anger room with increased 


area GE housing eunsuape: students aud their eee equipment. 


Several pieces ok equipment were added to the ‘lab facilities including ; 


, 


a timer for ° the memory coding sa a rudimentary T-scope for the ° 


; Mil ler-Bruner-Postman sarertonnes and ianient eidontic BEV EOMELE TEs We 


see cpeesently exploring isezind for eiganetne the purchase of a 3-fieid .. 


Harvard T-scope. , A corpus of technical: writing from pharmacolegy journals, 


three perman corpus s Cineluding one complete novel) and a sd of 


aphasic text (all in machine readable form) were > acquired during the 


i, 
'e ¢. 


year. Eforks dre now: udderway to translate the .code of the German text 


° 
a 


tapes to B-5500 compatible code. The systems eofeuake and all the 
i. ae ee , ; A . 
z ‘ 3 Fy oe an | 3 ° ¢, es 
instrumentation and analysis programs for the semiotics lab have been ’ 
4 : 
completely redesigned and reprogrammed during the year to improve both 


ied -~ 


’ speed and capability. Por ,instance, , the iyber token analysis prORran 


axe 


which formerly” would handle snp lee with a maximum ‘size of only 2, 000° . 


. ‘ . 
- ‘ 
. ’ 


) 


. 


", The Markov word generator which. formerly took 10 minutes (time-shared) 


2% - we 


; to generate 50 words now takes only about 10 seconds to generate “the same a 


sane of words at ‘the’ same basis.” The most important new analysis. 

y program added to our bude this year was a non-linear least squares. “s 

Seiiinbtok program with extended” ‘plot capabilities. > “4 er} 
A 5 gan AE ee 


oa 
- e 


VI. OTHER, ACTIVITIES ~~ ‘ ‘ ee 
a : , arth ; a> Sa bi, 


‘ “ - 


Ricsentarion ‘ah 12th NIR Colloquium ‘ <5 es 


. . 
a . 


One of the investigators (C. P.} was invited to give a paper on he ts 
tte for Seneceniis research in seattle science oe the 12th” 
Waetonad fefornation Reevieval Colloquium in Philadelphia [9]. / We sag 
briefly surmarize the hodls presented | in ‘that: paper ae follows: : 


(1) Derelsp a theory of the structure of all ‘categories - -of signs,. eieh 


a” 


systems, and sign processes; (2) Investigate the méasurable “proparties 


of all sign components; (3) Explore the’ basic reguiarities existing 


between the measurable pregene estat Develop ‘theories which: explain. 
ae ’ 
net regularitiess (5). fuseatieane the relationship between xgtjous ae 


z information. processes and semiotic processes: perception, memory, recall, 
conception, ‘communication; classification, recognition, detision, etc: Ke . 
(6) Develop lab instrumentation with which to ¢arry out the critical, 


ee * , ‘ ae oe 


experiments ‘in the above ‘areas. 2@ 


‘ _Thig last is of special importance and is crucial to each of the 


above goals. Because the Pheriomena under Sayeeeteation ‘is semiotic’ . 


and. aut Ae are this requires the invention of entirely new concepts 


in Scientific shades, ce will jtherefore- “80 hand- inshand with goals * 
: moy ‘* 9 \ 


Fee oS (2) and (3). me : _ ee eee er ae, ‘ 


. 


at 


eatig ~ Semiotics Soc 


ff ot ten years of research anES the nature oF medium iia shape in the, 


Semiotig Society of Serica tee ge ie 2 ; 
4 a ar " ew 


“One of the investigators (G.P.) attended Ene North “American ‘ 
Senicthes Colloquium: in Tampa, "Hortdac: One. of the long-term results ee 1 


of the North American Semiotics Colloquium was, the formation of the e- “pe 


. 


ty of America. . The provisional , officers constsb of the 


. . 


ru 


‘following ‘ 


a 


rc Hobart and wiaitan Smith colleges, vice-president; and Thomas Sebeok, 4 


, Henry Biay University ie Pennsylvania, president:  Bugea Hans \ 


an THadtand ‘University, secretary-treasurer The prinétpai investigators : a 


.- have been very active ‘in the! organizing of the Society, with the result © 


that the Georgia: ‘Inst ftute of Technology will host the Society’ s first’. 


“annual conference: in’ atianta this September 24th ‘and (25th. «One “of ‘che 
ee eae , PB. ) was as" appoinced director of the conference. We ave 
> fo 
also planning a semiotics pan workshop orethe dave nefoxe the. Conference. 
Specific conference sessions that are being organized and chaired by 


- 


project staff members include: | 1). ‘Semiotic Foundations ‘of Information 


of 


Shkencai 2) Eyperiinentt. Semiotics; 3) Mathematical Semiotics; 


. 4) Theoret ical Semiot its 5) Nedical Semfotics; Sint 6) Zoosemiotids-- * 


nk ” 


ra 


| Communi cat ton between’ Man ear Animarss 


PubTication Activities . 2 a aa cone ee 
« @ . ee © = 


vee vs nt 8, ‘ 


W. P Garner' s latest bopk on information Sop SReuRtVER’ a report ° 


; eg af’ “stgn peerenttig was  wevtamed Pes the. ACM s Computing Reviews "hg : 


i * 
ox LBs 124s “The review concentrates _on an analysis, of the nemtocie. “concepts 


a4 ine > | - ‘ 
fittest. e a . é ; ‘coer: 


. . Py ™ 
° i a ig ' ‘ \ 
, Z ra 


A.textbook which uses semiotic eoncepts to explicate the ‘measurement 


’ ty ‘ +: : , 
of. information is‘being developed [25]. °. . ae ” 
Pm : ee “3 12” P : v ae +. acy 


eo? Wee Ce we sag 


a 


' One -of the investigator, (copy was. appotites: technical editor, for 


- 


4 
* 


« 


semjot fc" on the eee “of cooggee | the American Society for’ 1iiformation 


Battie newsletter for Foundat {ons of. ‘Information Science. “Special Interest 


. ee St - 


o. “ Croup. A teport, on software development for the semiotics lab [2], and 


another. on the Universal Structure Motel and other semiotic investigationg 


s 


[10] have been accepted for publication by that newsletter. Another 4° 


vb ’ 


report on , PEogresy in soteiare development has ies ptepared for The 


Semiotic Scene, newSletter‘of the Semiotic toctety of America [3]. One | 
ae He 


of the igvestigators it PB.) asd a sendnat on Peirce’ ‘8 Theory of Sion. Che 


and the. Universal Structure Model to the Interdisciplinary Program in 


Tubormataion Science ‘at ‘the University of Pittsburgh [7]: An interim 
. progress report on this project appeared in [19]. 
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